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Abstract: This study aimed to investigate the associations of the serial changes of serum 
levels of various growth factors with liver regeneration after hepatectomy in healthy liver 
donors. Sixteen healthy liver donors who underwent conventional liver resection 
were included. Serum levels of various growth factors before hepatectomy and on 
postoperative day (POD) 1, 3, 5 and 7 were measured. Liver volume data calculated by 
multi-detector computed tomography using workstation. The ratio of remnant liver volume 
on POD 0 to liver volume before the operation was 51% ± 20%. The ratio of liver volume on 
POD 14 to liver volume on POD 0 were inversely correlated with remnant liver volume on 
POD 0 (r = -0.91). The ratio of liver volume on POD 14 to liver volume on POD 0 were 
significantly correlated with serum hepatocyte growth factor (HGF) levels on POD 1 
(r = 0.54), serum leptin levels on POD 1 (r = 0.54), and serum macrophage colony-stimulating 
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factor (M-CSF) levels on POD 5 (r = 0.76) and POD 7 (r = 0.80). These results suggest that 
early-phase elevation of serum levels of HGF, leptin and M-CSF may be associated with 
the acceleration of liver regeneration after hepatectomy in humans. 

Keywords: hepatectomy; hepatocyte growth factor; human; leptin; liver regeneration; 
macrophage colony- stimulating factor 



1. Introduction 

Liver transplantation is the only curative treatment for end-stage liver diseases. However, in a 
setting of the shortage of liver grafts, many patients deteriorate as a result of disease progression or develop 
complications because of the lack of a timely suitable donor while waiting for a liver graft [1,2]. Thus, in 
addition to liver transplantation, new therapeutic agents for promoting liver regeneration are desired. 

In animal models, the mechanisms of liver regeneration have been investigated in detail. 
Hepatocytes are primed by tumor necrosis factor (TNF)-a and interleukin (IL)-6 mainly produced by 
Kupffer cells, and then proliferation and cell growth of hepatocytes are induced in response to 
transforming growth factor-a, hepatocyte growth factor (HGF), and epidermal growth factor [3]. 
In addition, vascular endothelial growth factor (VEGF) and thrombopoietin (TPO) are shown to 
promote liver regeneration [4,5]. 

In humans, in vivo investigations of liver regeneration have been mainly performed in patients 
undergoing surgical resection of liver cancers or liver transplant recipients; however, underlying diseases 
and immunosuppressant after liver transplantation may influence liver regeneration. Until now, a few 
studies have shown that serum HGF and IL-6 levels are elevated on postoperative day (POD) 1 [6-8]. 
In individuals without the appropriate elevation of serum HGF levels after partial hepatectomy, 
postoperative liver failure develops more frequently [9]. Serial changes of serum VEGF and TPO 
levels after partial hepatectomy have been also investigated in healthy liver donors [7,10]. However, 
associations of these growth factors with liver regeneration have not been fully revealed. 

Recently, because of the shortage of liver grafts from deceased donors, the number of living donor 
liver transplantation has increased. In living donor liver transplantation, healthy liver donors undergo 
typical and anatomical hepatectomy. So, the mechanisms of liver regeneration in healthy humans, 
which may be different from those in patients undergoing surgical resection of liver cancers, liver 
transplant recipients, and animal models, may be revealed. In this study, we investigated the serial 
changes of serum levels of various growth factors after partial hepatectomy and the associations of 
these changes of various growth factors with liver regeneration after the operation in healthy liver donors. 

2. Results 

2.1. Clinical Characteristics of Study Population 

Clinical characteristics of 16 healthy liver donors are shown in Table 1. Preoperative liver function 
tests were within normal limit in all patients. Each donor did not require perioperative transfusion or 
suffer from any major operative complications after surgery. 
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Liver graft type and changes of liver volume before and after partial hepatectomy are summarized 
in Table 2. The ratio of remnant liver volume on POD 0 to liver volume before the operation was 
51% ± 20%. The ratio of liver volume on POD 14 to liver volume before the operation was 76% ± 11%. 
Remnant liver volume per body weight on POD 0 were more in left graft donors than in right graft 
donors (15.6 ± 1.8 cm /kg versus 7.7 ± 2.7 cm /kg,p < 0.0001); however, the ratio of liver volume on 
POD 14 to liver volume on POD 0 was higher in right liver donors than in left liver donors (199% ± 42% 
versus 114% ± 8%, p = 0.0003). Ratio of liver volume on POD 14 to liver volume on POD 0 was 
inversely correlated with remnant liver volume on POD 0 (r = -0.91, p < 0.0001) and remnant liver 
volume per body weight on POD 0 (r = -0.95, p < 0.0001). On the other hand, the ratio of liver volume 
on POD 14 to liver volume on POD 0 was not associated with gender, age and body mass index. 



Table 1. Clinical characteristics of 16 healthy liver donors on admission. 



Clinical Characteristics 


Value 


Age (year) 


36 ± 12 


Gender, female (%) 


12 (75) 


Height (cm) 


161 ±6 


Body weight (kg) 


59 ± 11 


Body mass index (kg/m 2 ) 


22.8 ±4.2 


Laboratory Data 


Value 


White blood cell count (/mm 3 ) 


5574 ±890 


Hemoglobin concentration (g/dL) 


13.4 ± 1.8 


Platelet count (xl0 4 /mm 3 ) 


24.7 ±3.9 


Bilirubin (mg/dL) 


0.9 ±0.5 


Albumin (g/dL) 


4.5 ±0.3 


Prothrombin time-international normalized ratio (INR) 


0.98 ±0.07 


Aspartate aminotransferase (IU/L) 


18 ±4 


Alanine aminotransferase (IU/L) 


15±9 


C-reactive protein (mg/dL) 


0.05 ±0.07 



Table 2. Liver graft type and changes of liver volume before and after hepatectomy. 



Graft Type 


Value 


Liver graft type (left graft) n (%) 


6(38) 


Liver graft type (right graft) n (%) 


10 (62) 


Liver volume Change 


Value 


Liver volume before hepatectomy (cm 3 ) 


1213 ±206 


Liver resection rate (%) 


49 ±20 


Remnant liver volume on POD 0 (cm 3 ) 


622 ± 262 


Remnant liver volume per body weight on POD 0 (cm 3 /kg) 


10.7 ±4.6 


Liver volume on POD 14 (cm 3 ) 


917 ± 158 


Ratio of liver volume on POD 14 to liver volume on POD 0 (%) 


167 ±54 



2.2. Postoperative Changes of laboratory Data and liver Regeneration 

Serial changes of laboratory data before hepatectomy and on POD 1, 3, 5 and 7 are shown in Figure 1. 



Int. J. Mol Sci. 2013, 14 



20880 



Figure 1. Serial changes of laboratory data during the clinical course. Laboratory data 
before hepatectomy and on postoperative day (POD) 1, 3, 5 and 7 were expressed as 
mean ± standard deviation. Before: before partial hepatectomy; POD: postoperative day; 
*:p < 0.05; **: p < 0.01; ***: p < 0.001; ****: p < 0.0001. 




Liver resection rate was significantly correlated with white blood cell counts on POD 1 (r = 0.65, 
p = 0.005), serum bilirubin levels on POD 3 (r = 0.51, p = 0.045), serum albumin levels on 
POD 3 (r = 0.57, p = 0.020), serum aspartate aminotransferase levels on POD 3 (r = 0.63, p = 0.007) 
and POD 5 (r = 0.81,/? = 0.0006), and prothrombin time-international normalized ratio (INR) on POD 3 
(r = 0Jl 9 p = 0.002) and POD 5 (r = 0.78, p = 0.004) but was inversely correlated with serum C-reactive 
protein levels (r = -0.67, p = 0.005). Remnant liver volume per body weight on POD 0 was inversely 
correlated with white blood cell counts on POD 1 (r = -0.61, p = 0.011), serum aspartate 
aminotransferase levels on POD 3 (r = -0.78, p = 0.0002) and POD 5 (r = -0.78, p = 0.019), and 
prothrombin time-INR on POD 3 (r = -0.68, p = 0.003) and POD 5 (r = -0.78, /? = 0.003) but was 
significantly correlated with serum C-reactive protein levels (r = 0.66, p = 0.006). 

According to remnant liver volume per body weight on POD 0, 16 patients were divided into two 
groups. One group consisted of eight patients with remnant liver volume per body weight on POD 0 of 
10 cm /kg or less, and another group consisted of the other eight patients with remnant liver 
volume per body weight on POD 0 >10 cm /kg. Serial changes of laboratory data in both the groups 
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are shown in Figure 2. White blood cell counts on POD 1, serum bilirubin levels on POD 3 and 5, 
serum albumin levels on POD 3, serum aspartate aminotransferase levels on POD 3 and 5, and 
prothrombin time-INR on POD 3 and 5 were significantly higher in the eight patients with remnant 
liver volume per body weight on POD 0 of 10 cm 3 /kg or less. On the other hand, serum C-reactive protein 
levels on POD 1 were lower in this group. 

Figure 2. Associations of remnant liver volume per body weight on POD 0 with serial 
changes of laboratory data during the clinical course. Solid and dotted lines show serial 
changes of serum levels of each growth factor in eight patients with remnant liver 
volume per body weight on POD 0 of 10 cm 3 /kg or less and the other eight patients with 
remnant liver volume per body weight on POD 0 > 10 cm 3 /kg, respectively. Serum levels 
of each growth factor before hepatectomy and on POD 1, 3, 5 and 7 were expressed as 
mean ± standard deviation. Before: before partial hepatectomy; POD: postoperative day; 
*:p < 0.05; **: p < 0.01; ***: p < 0.001. 




Ratio of liver volume on POD 14 to liver volume on POD 0 was correlated with white blood cell 
counts on POD 1 (r = 0.63, p = 0.007), prothrombin time-INR on POD 3 (r = 0.62, p = 0.009) and 
POD 5 (r = 0.72, p = 0.010), and serum aspartate aminotransferase levels on POD 3 (r=0Jl 9 p = 0.002) 
and POD 5 (r = 0.67, p = 0.015). On the other hand, serum C-reactive protein levels on POD 1 were 
inversely correlated with ratio of liver volume on POD 14 to liver volume on POD 0 (r = -0.62, = 0.012). 
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According to the ratio of liver volume on POD 14 to liver volume on POD 0, 16 patients were 
divided into two groups. Eight patients showing ratio of liver volume on POD 14 to liver volume on 
POD 0 of 150% or higher were classified into high liver regeneration group, and the others eight 
showing this ratio <150% were classified into low liver regeneration group. Serial changes of 
laboratory data in both the groups are shown in Figure 3. Prothrombin time-INR on POD 3 and 5, 
serum bilirubin levels on POD 3 and 7, and serum aspartate aminotransferase levels on POD 3 and 5 
were significantly higher in high liver regeneration group. On the other hand, platelet counts on POD 5 
and serum C-reactive protein levels on POD 1 were lower in the high liver regeneration group. 

Figure 3. Associations of liver regeneration with serial changes of laboratory data during 
the clinical course. Solid and dotted lines show serial changes of laboratory data in 
eight patients showing ratio of liver volume on POD 14 to liver volume on POD 0 of 150% 
or higher and the other eight patients showing this ratio <150%, respectively. Serum levels 
of each laboratory data before hepatectomy and on POD 1, 3, 5 and 7 were expressed as 
mean ± standard deviation. Before: before partial hepatectomy; POD: postoperative day; 
*:;?<0.05; **: 77 < 0.01. 
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2.3. Postoperative Changes of Serum Growth Factor levels and liver Regeneration 

Serial changes of serum growth factor levels are shown in Figure 4. Postoperative changes in serum 
levels of HGF and leptin paralleled those in prothrombin time-INR and serum levels of bilirubin. The 
changes in serum levels of macrophage colony-stimulating factor (M-CSF) paralleled those in white 
blood cell counts. The changes in serum platelet-derived growth factor (PDGF)-BB levels paralleled 
those in platelet counts. 

Figure 4. Serial changes of serum levels of nine growth factors during the clinical course. 
Serum levels of each growth factor before hepatectomy and on POD 1, 3, 5 and 7 
were expressed as mean ± standard deviation. Before: before partial hepatectomy; 
POD: postoperative day; *:p < 0.05; **: p < 0.01; ***: p < 0.001; ****: p < 0.0001. 
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Liver resection rate was significantly correlated with serum M-CSF levels on POD 5 (r = 0.78, 
p = 0.037) and POD 7 (r = 0.81, p = 0.003) but not with serum HGF and leptin levels on POD 1. 
Remnant liver volume per body weight on POD 0 was inversely correlated with serum M-CSF levels 
on POD 5 (r = -0.76, p = 0.045) and POD 7 (r = -0.75, p = 0.010) and tended to be inversely 
correlated with serum HGF levels on POD I (r = -0.46, p = 0.076) and serum leptin levels on 
POD 1 (r = -0.47, /? = 0.064). 

According to remnant liver volume per body weight on POD 0, serial changes of serum growth 
factor levels are shown in Figure 5. In eight patients with remnant liver volume per body weight on 
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POD 0 of 10 cm /kg or less, serum M-CSF levels on POD 5 and POD 7 were significantly higher. 
On the other hand, serum TPO levels on POD 1 were lower in this group. 

Figure 5. Associations of remnant liver volume per body weight on POD 0 with serial 
changes of serum levels of nine growth factors during the clinical course. Solid and dotted 
lines show serial changes of serum levels of each growth factor in eight patients with 
remnant liver volume per body weight on POD 0 of 10 cm /kg or less and the other 
eight patients with remnant liver volume per body weight on POD 0 >10 cm /kg, 
respectively. Serum levels of each growth factor before hepatectomy and on POD 1, 3, 5 and 7 
were expressed as mean ± standard deviation. Before: before partial hepatectomy; 
POD: postoperative day; *\p < 0.05; **: p < 0.01. 
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Ratio of liver volume on POD 14 to liver volume on POD 0 was significantly correlated with serum 
HGF levels on POD 1 (r = 0.54, p = 0.030), serum leptin levels on POD 1 (r = 0.54, p = 0.028), and 
serum M-CSF levels on POD 5 (r = 0.76, /? = 0.047) and POD 7 (r = 0.80, /? = 0.003). On the other 
hand, ratio of liver volume on POD 14 to liver volume on POD 0 was inversely correlated with serum 
PDGF-BB levels on POD 5 (r = -0.61, p = 0.01 1), and serum TPO levels on POD 1 (r = -0.60,/? = 0.012). 

Serial changes of serum growth factor levels in high liver regeneration group and low liver 
regeneration group are shown in Figure 6. Serum leptin levels on POD 1 and serum M-CSF levels on 
POD 5 and POD 7 were significantly higher in high liver regeneration group. Serum HGF levels on 
POD 1 seemed to be higher in high liver regeneration group although the difference was not 
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significant. On the other hand, serum PDGF-BB levels on POD 5 and serum TPO levels on POD 1 
were lower in the high liver regeneration group. 

Figure 6. Associations of liver regeneration with serial changes of serum levels of 
nine growth factors during the clinical course. Solid and dotted lines show serial changes 
of serum levels of each growth factor in eight patients showing ratio of liver volume on 
POD 14 to liver volume on POD 0 of 150% or higher and the other eight patients showing 
this ratio <150%, respectively. Serum levels of each growth factor before hepatectomy and 
on POD 1, 3, 5 and 7 were expressed as mean ± standard deviation. Before: before partial 
hepatectomy; POD: postoperative day; *\p < 0.05. 




3. Discussion 

The liver has strong potential to regenerate. Liver regeneration involves a complex interaction of 
the proliferation of resident hepatocytes and hepatocyte progenitor cells, the facilitation of 
angiogenesis, and the differentiation of hematopoietic stem cells into hepatocyte. However, the 
mechanism of liver regeneration in healthy humans has not been revealed yet. This study indicated 
that, after partial hepatectomy of the grade not exerting danger on a life, the smaller the remnant liver 
volume, the higher was liver regeneration, and that various growth factors intricately took parts in liver 
regeneration after partial hepatectomy. In particular, early-phase elevations of serum levels of HGF, 
leptin and M-CSF seemed to be associated with the acceleration of liver regeneration after 
partial hepatectomy. 
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As is well known, HGF is a potent factor for proliferation of hepatocyte. In this study, serum HGF 
levels on POD 1 were correlated with ratio of liver volume on POD 14 to liver volume on POD 0. 
These findings are consistent with the previous reports [6,7]. Recently, a clinical trial using 
recombinant HGF for acute liver failure has been reported, and it has been shown that intravenous 
administration of recombinant HGF is well-tolerated [11]. Further clinical trials are required to 
determine the effect of recombinant HGF on liver regeneration in humans. 

Some studies have showed the relation of leptin with liver regeneration in animal models. In 
leptin-deficient ob/ob mice after toxic liver injury or partial hepatectomy, liver regeneration is 
impaired with down-regulated hepatic expression of TNF-a and IL-6, and leptin supplementation 
improves liver regeneration with up-regulated hepatic expression of TNF-a and IL-6 [12,13]. On the 
other hand, leptin does not directly up-regulate hepatocyte proliferation [14]. Leptin may accelerate 
liver regeneration through the release of cytokines such as TNF-a and IL-6 from non-parenchymal cells. 

M-CSF is produced by non-parenchymal and parenchymal liver cells. In M-CSF-deficient mice, 
hepatic expressions of TNF-a and IL-6 are reduced, and proliferation of hepatocytes is impaired [15]. 
On the other hand, in M-CSF-deficient mice, M-CSF supplementation improves liver regeneration [15]. 
In addition, hepatocyte-like cells are reported to differentiate from peripheral blood monocytes under 
the stimulation of M-CSF [16]. M-CSF may take a part in liver regeneration through the proliferation 
of hepatocytes and the differentiation of hematopoietic stem cells into hepatocytes. 

An appropriate intra-hepatic inflammatory response to liver injury has been shown to promote liver 
regeneration [17,18]. In this study, white blood cell counts on POD 1 were correlated with ratio of liver 
volume on POD 14 to liver volume on POD 0. However, serum C-reactive protein levels on POD 1 were 
shown to be inversely correlated with ratio of liver volume on POD 14 to liver volume on POD 0. This 
may be partially due to the interaction of C-reactive protein with leptin. C-reactive protein is reported 
to inhibit the binding of leptin to its receptor and attenuate its physiological functions [19]. In addition, 
C-reactive protein are shown to induce hepatic insulin-resistance which leads to poor liver 
regeneration [20,21]. 

Serum TPO levels in this study were gradually increased after partial hepatectomy, and these 
changes are consistent with the previous report [10]. TPO promotes liver regeneration after partial 
hepatectomy [5]. However, in this study, serum TPO levels on POD 1 were correlated with remnant 
liver volumes on POD 0. TPO is mainly produced by hepatocyte in response to thrombocytopenia 
when circulating platelet counts is decreased [22]. In this study, platelet counts abruptly decreased 
after the operation. In response to thrombocytopenia, serum TPO levels after the operation may be 
elevated in proportion to remnant liver volumes. 

4. Materials and Methods 

This study was approved by the Institutional Review Board at Okayama University Graduate 
School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan. Each patient was 
informed of the nature of the study and signed an informed consent form. 
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4.1. Study Population 

Sixteen healthy liver donors who underwent partial hepatectomy between January 2000 and 
November 2010 were prospectively included in this study. Eight donors underwent a right lobectomy, 
three did an extended left lobectomy, two did a left lateral segmentectomy, one did a left lobectomy, 
and two did a right posterior segmentectomy, respectively. 

4.2. Measurement of Serum Growth Factor level 

Sera were collected prior to the operation and on POD 1, 3, 5 and 7. Samples were frozen and 
stored at -80 °C until analysis. 

Serum levels of the following growth factors were measured using the Bio-Plex Protein Array 
System (Bio-Rad Laboratories, Hercules, CA, USA): granulocyte colony-stimulating factor, HGF, IL-8, 
leptin, M-CSF, PDGF-BB, stem cell factor, and VEGF. In brief, the Bio-Plex Pro Standard and 
samples diluted in Serum Diluent were added to a 96-well filter plate and incubated with the 
antibody-coupled beads for 1 h with continuous shaking. The beads were washed three times with 
wash buffer to remove unbound protein and incubated with biotinylated detection antibodies for 30 min 
with continuous shaking. Following three washes, premixed streptavidin-phycoerythrin was added to 
each well and incubated for 30 min. After incubation, the beads were washed and re-suspended in assay 
buffer. The reaction mixture was quantified using the Bio-Plex protein array reader. Each growth factor 
level was automatically calculated by Bio-Plex Manager software using the appropriate standard curve. 

Serum TPO level was measured using an enzyme-linked immunosorbent assay kit according to the 
manufacturer's instructions (Quantikine Human TPO Immunoassay, R&D Systems, Minneapolis, MN, 
USA). Microplates were coated with manufacturer-provided monoclonal antibodies against TPO, 
and following the enzyme reaction the plates were measured using a microplate manager 
(BIO-RAD Laboratories, Hercules, CA, USA) and the optical density was determined at 450 nm. 

4.3. Volumetric Study of liver 

Liver volumes were measured by multi-detector computed tomography (Aquilion 64, 
Toshiba Medical Systems Corporation, Otowara, Japan) using workstation (Virtual Place Advance 
Plus, Aze, Tokyo, Japan). 

The liver resection rate (%) was calculated as follows: resected liver graft volume (cm 3 )/liver volume 
before the operation (cm ) x 100%. 

4.4. Statistical Analysis 

SPSS statistical program (release 11.0.1 J, SPSS, Chicago, IL, USA) was used for the 
statistical analysis. 

Dichotomous variables were compared by the chi-squared test. Continuous variables were 
expressed as mean ± standard deviation (SD). Student's Mest was used to evaluate differences in the 
continuous variables between two groups. The Pearson's correlation test was used to evaluate the 
consistency in the continuous variables between two groups, j^-values < 0.05 were considered significant. 
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5. Conclusions 

After partial hepatectomy of the grade not exerting danger on a life, the smaller the remnant liver 
volume, the higher the liver regeneration is. This study indicates that various growth factors are 
associated with liver regeneration after partial hepatectomy in healthy humans. In particular, early-phase 
elevation of serum levels of HGF, leptin and M-CSF may be associated with accelerated liver 
regeneration. HGF, leptin and M-CSF possibly become new therapeutic agents for promoting liver 
regeneration. In addition, serial changes of serum levels of these growth factors may be early 
predictors of liver regeneration after hepatectomy. In order to confirm these findings in healthy 
humans, further studies are required. 

Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1 . Merion, R.M. Current status and future of liver transplantation. Semin. liver Dis. 2010, 30, 4 1 1^2 1 . 

2. Li, K.K.; Neuberger, J. The management of patients awaiting liver transplantation. Nat. Rev. 
Gastroenterol. Hepatol. 2009, 6, 648-659. 

3. Fausto, N.; Campbell, J.S.; Riehle, K.J. Liver regeneration. Hepatology 2006, 43, S45-S53. 

4. Assy, N.; Spira, G.; Paizi, M.; Shenkar, L.; Kraizer, Y.; Cohen, T.; Neufeld, G.; Dabbah, B.; Enat, R.; 
Baruch, Y. Effect of vascular endothelial growth factor on hepatic regenerative activity following 
partial hepatectomy in rats. J. Hepatol. 1999, 30, 911-915. 

5. Murata, S.; Hashimoto, I.; Nakano, Y.; Myronovych, A.; Watanabe, M.; Ohkohchi, N. 
Single administration of thrombopoietin prevents progression of liver fibrosis and promotes liver 
regeneration after partial hepatectomy in cirrhotic rats. Ann. Surg. 2008, 248, 821-828. 

6. De Jong, K.P.; von Geusau, B.A.; Rottier, C.A.; Bijzet, J.; Limburg, P.C.; de Vries, E.G.; 
Fidler, V.; Slooff, M.J. Serum response of hepatocyte growth factor, insulin-like growth factor-I, 
interleukin-6, and acute phase proteins in patients with colorectal liver metastases treated with 
partial hepatectomy or cryosurgery. J. Hepatol. 2001, 34, 422-427. 

7. Efimova, E.A.; Glanemann, M.; Nussler, A.K.; Schumacher, G.; Settmacher, U.; Jonas, S.; 
Nussler, N.; Neuhaus, P. Changes in serum levels of growth factors in healthy individuals after 
living related liver donation. Transplant. Proc. 2005, 37, 1074-1075. 

8. Nakashima, S.; Katano, Y.; Nakano, I.; Hirooka, Y.; Ito, A.; Ishigami, M.; Hayashi, K.; Honda, T.; 
Goto, H. Changes in circulating cytokine levels and lymphocyte subsets in healthy liver donors 
after partial hepatectomy. Hepatol. Res. 2007, 37, 878-884. 

9. Nishizaki, T.; Takenaka, K.; Yoshizumi, T.; Yanaga, K.; Soejima, Y.; Shirabe, K.; Sugimachi, K. 
Alteration in levels of human hepatocyte growth factor following hepatectomy. J. Am. Coll. Surg. 
1995, 181, 6-10. 

10. Nagasako, Y.; Jin, M.B.; Miyazaki, H.; Nakayama, M.; Shimamura, T.; Furukawa, H.; Matushita, M.; 
Todo, S. Thrombopoietin in postoperative thrombocytopenia following living donor hepatectomy. 
Liver Transplant. 2006, 12, 435-439. 



Int. J. Mol. Sci. 2013, 14 



20889 



11. Ido, A.; Moriuchi, A.; Numata, M.; Murayama, T.; Teramukai, S.; Marusawa, H.; Yamaji, N.; 
Setoyama, H.; Kim, D., II; Chiba, T.; et al. Safety and pharmacokinetics of recombinant human 
hepatocyte growth factor (rh-HGF) in patients with fulminant hepatitis: A phase I/II clinical trial, 
following preclinical studies to ensure safety. J. Transl Med. 2011, 9, 55. 

12. Leclercq, LA.; Field, J.; Farrell, G.C. Leptin-specific mechanisms for impaired liver regeneration 
in oblob mice after toxic injury. Gastroenterology 2003, 124, 1451-1464. 

13. Leclercq, LA.; Vansteenberghe, M.; Lebrun, V.B.; VanHul, N.K.; Abarca-Quinones, J.; 
Sempoux, C.L.; Picard, C; Starkel, P.; Horsmans, Y.L. Defective hepatic regeneration after 
partial hepatectomy in leptin-deficient mice is not rescued by exogenous leptin. lab. Investig. 
2006, 86, 1161-1171. 

14. Yang, S.; Koteish, A.; Lin, H.; Huang, J.; Roskams, T.; Dawson, V.; Diehl, A.M. Oval cells 
compensate for damage and replicative senescence of mature hepatocytes in mice with fatty liver 
disease. Hepatology 2004, 39, 403-41 1. 

15. Amemiya, H.; Kono, H.; Fujii, H. Liver regeneration is impaired in macrophage colony 
stimulating factor deficient mice after partial hepatectomy: The role of M-CSF-induced 
macrophages. J. Surg. Res. 2011, 165, 59-67. 

16. Ruhnke, M.; Ungefroren, H.; Nussler, A.; Martin, F.; Brulport, M.; Schormann, W.; Hengstler, J.G.; 
Klapper, W.; Ulrichs, K.; Hutchinson, J. A.; et al. Differentiation of in vzYro-modified human 
peripheral blood monocytes into hepatocyte-like and pancreatic islet-like cells. Gastroenterology 
2005, 128, 1774-1786. 

17. Ohnishi, T.; Kakimoto, K.; Bandow, K.; Lowenstein, C.J.; Daikuhara, Y.; Matsuguchi, T. 
Mature hepatocyte growth factor/scatter factor on the surface of human granulocytes is released 
by a mechanism involving activated factor Xa. J. Immunol. 2006, 176, 6945-6953. 

18. Viebahn, C.S.; Benseler, V.; Holz, L.E.; Elsegood, C.L.; Vo, M.; Bertolino, P.; Ganss, R.; Yeoh, G.C. 
Invading macrophages play a major role in the liver progenitor cell response to chronic liver 
injury. J. Hepatol. 2010, 53, 500-507. 

19. Chen, K.; Li, F.; Li, J.; Cai, H.; Strom, S.; Bisello, A.; Kelley, D.E.; Friedman-Einat, M.; 
Skibinski, G.A.; McCrory, M.A.; et al. Induction of leptin resistance through direct interaction of 
C-reactive protein with leptin. Nat. Med. 2006, 12, 425-432. 

20. Aoyama, T.; Ikejima, K.; Kon, K.; Okumura, K.; Arai, K.; Watanabe, S. Pioglitazone promotes 
survival and prevents hepatic regeneration failure after partial hepatectomy in obese and diabetic 
KK-A y mice. Hepatology 2009, 49, 1636-1644. 

21. Xi, L.; Xiao, C; Bandsma, R.H.J.; Naples, M.; Adeli, K.; Lewis, G.F. C-reactive protein impairs 
hepatic insulin sensitivity and insulin signaling in rats: Role of mitogen- activated protein kinases. 
Hepatology 2011, 53, 127-135. 

22. Afdhal, N.; McHutchison, J.; Brown, R.; Jacobson, I.; Manns, M.; Poordad, F.; Weksler, B.; 
Esteban, R. Thrombocytopenia associated with chronic liver disease. J. Hepatol. 2008, 48, 
1000-1007. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http ://creati vecommons . org/licenses/by/ 3.0/). 



